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Abstract：With increasing SO3 emissions deriving from burning coal, especially after the large-scale application of 
SCR denitrification technology, the harm of the pollution of SO3 to the coal-fired utility, atmospheric environments 
and human health is gradually revealing. According to the technology characteristics of flue spraying calcium, the 
research of the removal of coal smoke SO3 with CaO has been completed on the SO3 removal test system. 
Furthermore, the influence law of SO3 removal efficiency with CaO at medium temperature was explored, which 
provided important theoretical support for scientific and technical basis in industrial application. 
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1. Introduction 
There are two main sources of SO3 in the coal-fired power plant [1]: On the one hand, during the coal 
combustion process, after the flammable sulfur element of coal turning into SO2, part of SO2 will be 
further oxidized to SO3 and 0.5% to 2.0% of SO2 will be oxidized to SO3; on the other hand, in the 
process of NOx selective catalytic reduction (SCR), part of the SO2 in the SCR reactor is oxidized to SO3 
under the action of catalysts. In general, the oxidation rate of SO2 is in between 0.2% to 0.8%, which 
almost doubles the SO3 content in the final flue when flue gas goes through a layer of catalyst [3]. The 
results show that the oxidation rate of SO2 will be higher with the increasing of the content of V2O5 in 
catalyst [4].  What’s more, SO2 oxidation rates will also increase gradually as the temperature increasing 
[5]. After large-scale application in SCR technology, the content of SO3 in the flue gas has been greatly 
increased, so the harm to the Coal-fired power plants, the atmospheric environment and human health has 
gradually appeared.  
As the production of SO3 in fuel gas is less than other pollutants, people don’t pay attention to it. 
However, after large-scale application in SCR technology, the problem of SO3 is getting worse, so 
domestic and foreign scholars have been studied different kinds of SO3 removing methods. Various 
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alkaline metal oxide used in fix bed has a better Removal effect [6-9], but the temperature range of the 
research is generally high, the study results under medium temperature（250℃～400℃） also aren’t 
reported yet. Therefore, the study of removal of coal smoke of SO3 using CaO on SO3 removal test 
system has been finished and the influence law of SO3 removal with CaO at medium temperature was 
explored, which provided important theoretical support for scientific and technical basis in industrial 
application. 
2. Experimental  
The SO3 removal test system includes SO3 generating device, SO3 reactor and sampling and analysis 
system. The test system is illustrated in Fig. 1. 
The SO3 generating device consists of gas cylinders（O2 and SO2） , mass flow meter, ozone 
generator, mixer and constant temperature water bath. When oxygen flows through the ozone generator, 
part of the O2 molecule is destroyed and O3 molecule is formed by high-speed electronic bombardment 
and three-body collision. A certain concentration of O3 and SO2 in the mixer will mix and react to SO3, 
put mixer in a constant temperature water bath（60℃）and maintain a constant formation of SO3. 
 
1 oxygen cylinder, 2 mess flow meter, 3 ozone generator, 4 mixer, 5 constant temperature water bath, 6 micro feeder, 
7 furnace body, 8 temperature control device, 9 draught fan, 10 materials collector, 11 measuring point, 12 
thermocouple, 13 SO2 cylinder. 
Fig. 1. SO3 removal test system diagram 
The body of reactor mainly consists of corundum tube, heating elements, fire-resistant layer, insulating 
layer, metal steel sets, console and escalator. The reactor is electric furnace, which not only has heat 
capacity but also has the characteristic of constant temperature. The length of the furnace is 2000mm, the 
inner diameter is 70mm, and there are two SiC heating rods 1000mm in length. Furnace can withstand a 
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maximum temperature of 1500℃. The temperature range during the experiment is 250℃～400℃. There 
are two sampling holes in the central of furnace so that the different stages of the reaction can be tested. 
 
1 flue, 2 sampling pipe, 3 screw clamps, 4 filter tube of six balls of tampon, 5 separating bottle, 6 washing bottle, 
7 thermometer, 8 pressure gauge, 9 wet gas flow meter vacuum pump, 10 vacuum pump. 
Fig. 2. Schematic diagram of tampon sampling system 
Sampling and analysis system of SO3 consists of SO3 tampon sampling system and the chemical 
experiments of iodometric titration. Fig. 2 shows the schematic diagram of tampon sampling system. 
After the collection of SO3 in the flue gas that go through filter tube of six balls and washing bottle, 
iIodometric will be used to determine the content of different valence states of sulfur in the flushing fluid; 
the SO2 adsorbed on cotton will be first titrated with standard iodine solution, and then titrate the total 
acidity with standard sodium hydroxide solution. According to the consumption of standard solution in 
titration and the volume of sample gas through to calculate the concentration of SO3.The reaction is as 
follows: 
               SO3 + H2O = H2SO4                                                                        （1） 
SO2 + I2 + H2O = H2SO4 + 2HI                                                                （2） 
2NaOH + H2O = Na2SO4 + 2 H2O                                                              （3） 
HI + NaOH = NaI + H2O                                                                   （4） 
The formula of SO3 content: 
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In this formula: C1 — the substance concentration of NaOH standard solution, mol/L; V1 — the 
amount of NaOH standard solution, ml; C2 — the substance concentration of Iodine standard solution, 
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mol/L; V2 — the amount of standard iodine solution, ml; V2′ — the amount of standard iodine solution of 
blank test, ml; V0 — the volume of sample (standard state), L. 
The removal efficiency of SO3 is calculated as: 
%100
0
10 ×−=
C
CCη
                                                       
（6） 
In this formula: C0 — the different conditions, do not add absorbent, the gas concentration of SO3 in 
the reactor outlet; C1 — the different conditions, add absorbent, the gas concentration of SO3 in 
the reactor outlet. 
3. Results and discussion 
3.1. Temperature on the removal efficiency of SO3 
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Fig. 3. Effect of temperature on removal of SO3 diagram 
The influence of temperature on the removal efficiency of the SO3 in different residence time has been 
shown in Fig. 3. When the molar ratio of CaO and SO3 is 5.5:1 and 8:1, the efficiency of removing SO3 
will be improved with the increasing temperature. When the residence time is 14s, the removal efficiency 
is improved from 84.51% to 90.19%, which increases a range of 5.68%. This shows that the increase in 
temperature will help the removal of SO3 to some extent. One reason is that with temperature increasing 
the chemical reaction between CaO and SO3 speeds, On the other hand, when the absorbent is 
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excessive, the absorbed SO3  increases in the number, but the effect of temperature on removal of SO3 is 
not significant.  
With the molar ratio of 10:1, the removal efficiency of SO3 also be improved with increasing 
temperature when SO3 residence time is shorter (7s and 14s), but with the residence time of 21s, there is 
an optimal removal efficiency of 95.78%. But overall analysis shows that the effect of temperature on 
SO3 removal efficiency is not significant on the molar ratio of 10:1. 
3.2. The effect of stoichiometric ratio on SO3 removal efficiency 
The effect of stoichiometric ratio on SO3 removal efficiency under different residence time is shown in 
Fig. 4. It can be seen from the Fig. 4 in a shorter residence time (7s and 14s), that the removal efficiency 
were improved with the CaO and SO3 molar ratio increasing. On the one hand, the increase in the number 
of CaO lead the chemical reaction to be positive, more SO3 is absorbed, so that removal efficiency has 
been improved; on the other hand, positive reaction is also promoted to improve the removal efficiency 
when the reaction temperature is raised. When the residence time is 21s and the reaction temperature is 
250 ℃ and 400 ℃, there are both optimal removal efficiencies for the stoichiometric ratio of 8, 91.08% 
and 94.96%. 
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Fig. 4. Effect of stoichiometric ratio on removal of SO3 diagram 
Three diagrams show that the straight lines corresponding to the same temperature slow down 
gradually, that is, when the residence time is extended, the rate of SO3 removal efficiency increasing will 
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reduce with the stoichiometric ratio adding. Therefore, simply adding the absorbent can increase the 
removal efficiency, but it will reduce the utilization of calcium, and lead to some CaO being took out of 
furnace without reaction, causing secondary pollution to the environment. 
3.3. The effect of flue gas residence time on removal efficiency of SO3 
The effect of flue gas residence time on removal of SO3 is shown in Fig.5. It can be seen from the Fig. 
5 that the removal efficiency is gradually improved with the residence time increasing. The speed of 
growth overall appears first quick back slow trend, it is because the concentrations of SO3 and CaO at the 
entrance are high. However, along with the reaction, the concentration of SO3 decreases, in the meantime 
the generation of CaSO4 gradually increases, the surface area and volume of pore reduce, which make the 
removal reaction is limited. 
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Fig. 5. Effect of flue gas residence time on removal of SO3 diagram 
From the analysis of above charts, when the stoichiometric ratio is 5.5:1 and the temperature is low, 
since the concentration of SO3 is large and the full response of reactant, the removal efficiency increases 
almost linearly with the residence time; the removal efficiency can reach 80% with the residence time of 
former 7s, but with the growth of residence time,  the increase of SO3 removal efficiency is not obvious, 
indicating that the removal reaction has been completed, and the impact of temperature is not obvious. 
For the stoichiometric ratio of 8:1 and 10:1, removal efficiency continued to increase, with the 
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improvement of residence time, it is mainly due to the increase in the number of CaO that leads to the 
positive reaction to improve the removal efficiency. 
4. Conclusions 
(1) In the range of 250 ℃～400 ℃, the temperature to some extent contributes to SO3 removal, but the 
influence is not significant. 
 (2) Increase of CaO and SO3 equivalence ratio can generally improve the removal efficiency when the 
residence time is 21s and the reaction temperature are 250 ℃ and 400 ℃, there are both optimal removal 
efficiencies for the stoichiometric ratio of 8. 
(3) Extending the flue gas residence time can improve the efficiency of SO3 removal. However, for 
stoichiometric ratio of 5.5:1, the reaction of the former 7s has been basically completed, and the removal 
efficiency can reach about 80%. 
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